The high-temperature ͱ-phases always adopt the thortveitThe ␣-␤ phase transition of Mn 2 V 2 O 7 has been studied with ite (Sc 2 Si 2 O 7 ) structure (2), which was reported as monothe use of single crystals grown from hydrothermal reactions. clinic, C2/m space group, comprising staggered X 2 O 2nϪ 7
of the program LAZY-PULVERIX (26).
a(Å ) 6.868(2) 6.7129 (6) Data reductions, structure solutions, and refineb(Å ) 7.976(2) 8.7245 (5) ments were performed using the programs in the c(Å ) 10 .927 (2) 4.9693(4) SHELXTL PLUS package (27) . A numerical absorption Ͱ(Њ)
87.81(1) 90.0 ͱ(Њ)
72.14(1) 103.591 (8) correction based on ⌿ scans was applied to the data of both 
(165.6(6)Њ for the neutron powder study), but did not lead
to a significant drop in R values (29). Other calculations (2) crystallographic and experimental data as well as the main results of final refinements. The final atomic coordi-
nates and thermal parameters are given in Tables 4-7 . Bond-valence sum calculations (31), shown in Table 8 , clearly indicate that Mn and V are in the oxidation states were carried out with the program system SDS95 (30), ϩ2 and ϩ5, respectively. which enables refinements of anharmonic displacement parameters (ADP). Results obtained with such parameters 2.3. Physical Measurements for the bridging oxygen atom, limited to the fourth order tensor elements, do not correspond to a significant imDifferential scanning calorimetry was performed on a PERKIN ELMER DSC-4 calorimeter, using 47.06 mg of provement of the refinement (29). It appears that although X-ray diffraction data were obtained from a single crystal, Mn 2 V 2 O 7 powder obtained from high-temperature solid state synthesis (scan rate: 10 K/min; scan range: 123 Ǟ they did not allow us to confirm the results inferred from the neutron powder diffraction study which is more appro-363 Ǟ 123 K).
Magnetic measurements were performed on a MPMS5 priate to solve this problem. However, they led to a more accurate location of other atoms in the structure.
Quantum Design SQUID magnetometer using about 150 mg of Mn 2 V 2 O 7 in a powder form. For the low-temperaIn the final refinements, all the atoms of both Ͱ-and ture data, the sample was first zero field cooled to 5 K and then measured upon warming to 280 K in a static 
Description and Comparison of Structures
The structure of ͱ-Mn 2 V 2 O 7 refined from single-crystal
X-ray diffraction data agrees with previous neutron pow-
der diffraction work (21). This structure is given in Fig. 1 . 
a The form of the anisotropic thermal parameters is exp[Ϫ2ȏ
It is composed of edge-sharing MnO 6 octahedra, forming the V-O b -V moiety slightly longer than the three other V-O distances. (MnO 3 ) n layers connected together by V 2 O 7 divanadate groups situated on both sides of honeycomb-like cavities.
The crystal structure of Ͱ-Mn 2 V 2 O 7 (Fig. 2) is different from other Ͱ-forms of M 2 X 2 O 7 compounds already All the oxygen atoms in the (MnO 3 ) n layers are shared with V 2 O 7 groups, which adopt a staggered conformation reported. However, it can also be described as a distorted form of the thortveitite ͱ-Mn 2 V 2 O 7 structure, with a linear V-O b -V moiety.
Selected bond distances and angles are given in Table mainly due to the bending of the V-O b -V angle in the V 2 O 7 moieties. This results in a triclinic cell with a 9. The MnO 6 octahedron is distorted with two significantly longer Mn-O bonds corresponding to the elonga-doubled volume.
First, one can compare the layers of MnO 6 octahedra tion of hexagonal cavities along the a axis. Such elongation is necessary to accommodate the dumbbell-like V 2 O 7 parallel to (001) in ͱ-Mn 2 V 2 O 7 (Fig. 1) to those, parallel to (1 1 0), in Ͱ-Mn 2 V 2 O 7 (Fig. 2) . In ͱ-Mn 2 V 2 O 7 , each groups arranged parallel to the a axis. V atoms are in a tetrahedral environment with one V-O b (1) bond in MnO 6 octahedron shares three edges with its three MnO 6 There is however no such simple relationship between the by two V atoms, while the other type of bridging oxygen cells of Ͱ-and ͱ-Mn 2 V 2 O 7 . In order to take a closer atom, O(11), moves toward Mn(4) and becomes an oxygen atom of a shared edge between the V(3)O 4 tetrahedron and the Mn(4)O 6 octahedron. This forces one oxygen atom, O(12), to move away from Mn(4) and results in corner-sharing between Mn(4)O 6 and Mn(1)O 6 octahedra instead of the edge-sharing which is found in the ͱ phase. Such movements of V 2 O 7 divanadate groups, with 1/4 of VO 4 tetrahedra changing from corner-sharing to edgesharing with MnO 6 octahedra, also results in a slight decrease of the interlayer spacing from 4.939 Å in the ͱ phase to 4.761 Å in the Ͱ phase.
Selected bond distances and angles are given in Table  10 . As in ͱ-Mn 2 V 2 O 7 , all the MnO 6 octahedra are distorted with Mn-O distances ranging from 2.038 (5) gether with a V(2)-V(3) distance (3.426(2) Å ) intermedi- (5) look at the Ͱ-ͱ phase transition, the triclinic cell of Ͱ-ing to the Ͱ-ͱ transition occurs with a maximum at 28.7ЊC, while upon cooling, an exotherm corresponding to the ͱ-Ͱ Mn 2 V 2 O 7 was transformed into a nearly monoclinic cell similar to that of ͱ-Mn 2 V 2 O 7 , with use of the matrix transition is observed with a maximum at 17.1ЊC. The onset temperatures of the phase transition in both directions are (0.5, 0.5, Ϫ0.5; 0.5, 0.5, 0.5; 0.5, Ϫ0.5, 0). Atom coordinates of Ͱ-Mn 2 V 2 O 7 were transformed accordingly and shifted nearly the same at 22.6 Ϯ 0.3ЊC. The average enthalpy associated with the phase transition process is small at by (Ϯ0.5, Ϯ0.5, 0) in order to allow comparison with the corresponding positions in ͱ-Mn 2 V 2 O 7 . As shown 3.7 Ϯ 0.3 kJ/mol. The results indicate a reversible firstorder Ͱ-ͱ phase transition with the coexistence of both in Table 11 , the structural change occurring at the Ͱ-ͱ phase transition is mainly due to the movement phases during the transition temperature range. This is confirmed by the observation of both Ͱ and ͱ phases in of the V(3)V(4)O 7 divanadate group. Within this group, O(11) and O(12) were found to have the greatest shifts X-ray powder pattern recorded in this temperature range. with O(11) moving toward and O(12) away from Mn(4).
Magnetic Properties
The positions of the Mn atoms do not have dramatic changes; the most important ones concern Mn(1) and A study of the magnetic susceptibility was undertaken in Mn(4), which are bonded to O(12) and O(11), respec-order to determine if Mn 2 V 2 O 7 possesses low-dimensional tively.
magnetic properties and to look for possible effects of the structural transition on the thermal variation of the suscep-3.2. Thermal Analysis tibility. Figure 4 shows plots of the temperature Results of the DSC study of Mn 2 V 2 O 7 are shown in Fig.  3 and Table 12 . Upon heating, an endotherm correspond-dependence of the magnetic susceptibility and reciprocal gime (32) . Furthermore, the small difference between the temperature of the maximum in the susceptibility curve, T( max ) ϭ 18.0(5) K, and T N compares favorably with the expected value for three-dimensional lattices (33). It would thus be tempting to say that Ͱ-Mn 2 V 2 O 7 behaves as a threedimensional antiferromagnet. Besides, such a conclusion was drawn from the low-temperature forms of Mn 2 As 2 O 7 (T N ϭ 8.5 K) and Mn 2 P 2 O 7 (T N ϭ 14 K) (23) . However, in contrast to what was observed for these two latter compounds, the form of the susceptibility curve below T N is not that expected for a simple antiferromagnet having a collinear arrangement of spins in zero field (Fig. 4) . This form is neither due to the occurrence of a spin-flop transition since no field-induced phenomenon was observed in 50 kOe (Fig. 5) . The magnetic behavior below T N thus appears complex, and this might be related to the unperfect hexagonal nature of the arrangement of the MnO 6 octahesusceptibility between 2 and 280 K. The compound displays dra within a slab of the Ͱ structure. Curie-Weiss behavior in the high-temperature range, hav-
The Ͱ-ͱ phase transition. Marked changes are obing a Curie constant C ϭ 4.4 emu и K и (Mn mol)
Ϫ1
. This served around 300 K in the susceptibility curve on heating value corresponds to an effective moment Ȑ eff ϭ 5.9
and then cooling the sample (Fig. 6) . In full agreement Ȑ B /Mn atom and is consistent with the presence of high with structural and DSC findings, these changes signal the spin Mn II (expected spin only value 5.92 Ȑ B ). The observed occurrence of a reversible structural phase transition which Weiss constant, p ϭ Ϫ28 K, indicates that the dominant should affect the exchange pathways between magnetic interactions between Mn ions are antiferromagnetic. Beions. This is indeed observed through a reduction of the low Ȃ 100 K a deviation from the Curie-Weiss law arises Weiss constant from Ϫ28 to Ϫ4 K on heating. In contrast, from pretransitional effects associated with the onset of the effective magnetic moment per Mn II ion does not vary an antiferromagnetic magnetic order occurring at T N ϭ as this ion has an orbital singlet ground state irrespective 16.0(5) K. This deviation is not that expected for a twoof the symmetry of the crystal field. The reduction by a dimensional antiferromagnet since no rounded maximum of the susceptibility was observed in the paramagnetic re-factor of about 7 of the Weiss constant seems to show Structural changes occurring at the Ͱ-ͱ phase transition of the X-O-X units of the Mn 2 X 2 O 7 structures (X ϭ V, of Mn 2 V 2 O 7 have been clearly identified. They concern P, As). Since the magnetic properties of Ͱ-Mn 2 As 2 O 7 and mainly half of the cations and all oxygen atoms to which Ͱ-Mn 2 P 2 O 7 have been recently discussed only on the basis these are bonded. The ͱ to Ͱ transition is characterized of approximate ͱ structures (23), full structure analysis of by the bending of every second V 2 O 7 divanadate group the Ͱ forms of these two compounds are clearly needed within the structure, inducing a change from edge-sharing to better clarify the magnetic properties of all members of to corner-sharing in the connection between half of the the Mn 2 X 2 O 7 (X ϭ V, P, As) series.
MnO 6 octahedra. This process occurs at about room temperature and needs only a small amount of energy as shown in the thermal analysis. The magnetic data, recorded near 
